Heme oxygenase-1 signals are involved in preferential inhibition of pro-inflammatory cytokine release by surfactin in cells activated with Porphyromonas gingivalis lipopolysaccharide.
Porphyromonas gingivalis is considered the major pathogen of periodontal disease, which leads to chronic inflammation in oral tissues. P. gingivalis-produced lipopolysaccharide (LPS) is a key factor in the development of periodontitis. It is established that surfactin produced by Bacillus subtilis confers anti-inflammatory properties. However, the underlying mechanisms responsible for surfactin-induced anti-inflammatory actions in the context of periodontitis are poorly understood. In this study, we investigated whether surfactin affected P. gingivalis LPS-induced pro-inflammatory cytokines, including tumor necrosis factor-α, interleukin (IL)-1β, IL-6, and IL-12, and determined that it significantly inhibited their production. Surfactin-mediated inhibition was mainly due to blocked activation of P. gingivalis LPS-triggered nuclear factor-κB. We also examined whether the regulatory effect of surfactin on P. gingivalis LPS-stimulated human THP-1 macrophages was mediated by the induction of heme oxygenase-1 (HO-1) signals, and determined that surfactin also induced HO-1 mRNA and protein expression via activation of Nrf-2. Additionally, we found that small interfering RNA-mediated knock-down of Nrf-2 significantly inhibited surfactin-induced HO-1 expression. Furthermore, inhibition of phosphoinositide 3-kinase (PI3K)/Akt and extracellular signal-regulated kinase (ERK) significantly decreased surfactin-induced HO-1 expression, which is consistent with the suggestion that surfactin-induced HO-1 expression occurs via PI3K/Akt, ERK, and Nrf-2. Treatment with a selective inhibitor of HO-1 reversed the surfactin-mediated inhibition of pro-inflammatory cytokines, suggesting that surfactin induces anti-inflammatory effects by activating Nrf-2-mediated HO-1 induction via PI3K/Akt and ERK signaling. Collectively, these observations support the potential of surfactin as a candidate in strategies to prevent caries, periodontitis, or other inflammatory diseases.